Challenges and Potential of Teaching Engineering Students in Developing Countries Using New Trends and Methodologies
Abstract: The purpose of our paper is to review the challenges and potential of educating engineering students using traditional methods of learning in the developing countries. This will be compared to new methods of learning where the objective is not only knowledge acquisition but also knowledge creation such as project and problem based learning. The potential implies that an effective engineering education process in the developing countries can assure a global supply of well-prepared engineering graduates needed to enhance focus on innovation, entrepreneurship and job creation and fill the shortage of quality engineers.
The traditional system of learning in developing countries such as Pakistan is based predominately on memorization with very little independent learning through self-study or problem solving by collaborative or team work. Students rarely challenge the integrity of instruction by the instructors leading to the lack of interactive relations vital to creativity and innovation. The curriculum is highly structured and there is little room to take liberal arts or interdisciplinary courses to broaden their education. Not enough emphasis is placed on professional competencies which are important for today's engineers competing in a global market. Accreditation as a relatively new phenomenon in the developing countries face the challenge of ensuring quality based on standards while also facilitating innovations in education. There is a lack of resources for upgrading laboratories, shortage of trained teachers to teach effectively and make the course curriculum relevant to the need of the country. Students' learning is further compounded with new developments in electronic media which are leading to enormous challenges for teachers with regards to the role digital devices can and should play in the learning process. Despite these challenges, the engineering institutions in Pakistan are attracting an increasing number of highly competent applicants for a limited number of seats.
The authors discuss various challenges in educating engineering students accustomed to traditional methods of teaching and assessing in the structured engineering curriculum used in some developing countries and identify potential areas of change. The authors also give recommendations, based on new trends and methodologies to meet the challenges in Pakistani engineering institutions that are currently seeing tremendous increase in student enrollment.
Introduction
A recent report by UNESCO revealed that "an acute and growing shortage of engineers has become a threat to global development." Many countries are seeing decline in the enrollment of young people in engineering discipline despite the urgent need of creative solutions to address challenges of poverty, environment, energy, security and socio economic development among other issues. In Germany, the engineering students enrolled in the engineering institutions have dropped to half in ten years. In Netherland, Norway, Japan, and Republic of Korea enrollment has reduced between 5 to 10% since late 1990s. According to the German Institute of Economics, the country currently needs 117,000 engineers, scientists, IT experts and technicians. U.K is also faced with a chronic shortage of science graduates and especially engineers, where Page 26.337.2 several industries are struggling with a shortage of engineers in the area of power generation, aerospace and manufacturing. Sub-Saharan Africa alone needs 2.5 million new engineers and technicians if the region was to achieve the UN Millennium Development Goal of improved access to clean water and sanitation [1] .
The number of engineering graduates enrolled in Asian countries and their population trend shows that the worldwide engineering workforce in the next generation will be largely Asian. The enrollment in absolute term of engineering students in South Africa has increased by 60% between 2000 and 2006 [2] . In a flat world where corporations with their engineers are moving from one continent to another either to undertake projects or to make use of their technical workforce, the profession of engineering is relying on a global workforce. Many high technology corporations in the developed world have extensive global linkages and export engineering services by employing a global workforce. The future engineer will be challenged to address some of the world's technological, environmental and social problems such as conserving energy resources, resolving the world's food and water crisis, curing diseases and improving global safety and security. In addition to these challenges engineers and engineering education is also faced with knowledge creation and knowledge transfer whereby countries around the world are moving toward developing knowledge based economies. In other words knowledge, in addition to capital, labor and land is becoming a primary factor of production leading to reduced cost, improved quality and better response to consumer needs [3] . These challenges are further compounded by new modes of communications and interconnectedness, knowledge production and an ever changing technology and information landscape. As a result it is important to understand as to how information technology can best be used to improve and enhance learning and teaching to educate engineering students by departing from the traditional ways. The engineers of the future not only need to be knowledgeable in their own disciplines, but also need a new set of skills to thrive in a world of complexity, volatility, uncertainty and ambiguity where there will be risks as well as opportunities [4] .
To address the above mentioned challenges in engineering education in Asian countries such as Pakistan, where education is based on traditional methods of learning and teaching, new tools and methods need to be developed and employed to impart engineering education. Although new methods and tools may use digital media and information technology for improvement, the education of engineering educators is of paramount importance. Number of tools, methodologies and pedagogical techniques have been developed and are used to enhance teaching and student learning in different engineering disciplines at various US universities [5] . Such tools are necessary to help improve the standard of engineering education and foster the growth of scholarship of teaching and learning in classroom. These tools and techniques can be easily employed in Pakistani engineering institutions without much cost.
After the introduction in section 1, section 2 deals with the challenges of teaching and learning in Pakistan which is predominately based on the traditional system of learning and teaching. Section 3 discusses the challenges of trends and methodologies where learning may be compounded with new developments in electronic media. Sections 4 and 5 discuss the importance of communications, ethics and accreditation which are important to have in a program competing in a global market. Section 6 provides suggestions, based on new trends and Page 26.337.3 methodologies to meet the challenges in Pakistani engineering institutions having tremendous increase in student enrollment. Section 7 summarizes the key points presented in the paper.
Challenges of Teaching and Learning
Several differences can be identified between the educational environments of developing and industrialized countries such as structural, cultural and social. Structurally, the engineering education system in Pakistan can be broadly divided into state supported institutions and private institutions. As is normal, the tuition for state-supported institutions is much lower as compared to the private institutions; and hence admission to these state-supported institutions is fierce. Students admitted to the state-supported schools are highly accomplished and very well prepared at least as evidenced by the scores achieved in the 12th grade examinations. However, the compensation structure for the faculty of state supported schools is not competitive. More recently, the Higher Education Commission (HEC) has instituted a 'tenure-track' option with competitive compensations associated with a competitive peer-review process. However, this 'two-track' system is a cause of concern. The engineering institutions are faced with a similar dilemma as its counterparts in the industrialized world. Should the institutions and the faculty focus on research and relegate undergraduate engineering to a perfunctory activity? Furthermore, faculty compensation based on the two-track system complicates the issue even more. The Pakistan Engineering Council (PEC) is the statutory body with one of its functions being the accreditation of engineering programs [6], while the Higher Education Commission is the national institutional accreditation body. Typically the curriculum for engineering programs follows a rigid format with little flexibility to accommodate individual interests.
Furthermore, barring a few elite engineering institutions, most state supported universities have challenges of resources that include infrastructure as well as laboratories. The academic and supporting resources at these institutions are not commensurate with the large student populations. While in the industrialized nations, the role of engineering faculty as facilitators of learning, and pedagogies such as active-learning are gaining acceptance as evidenced by the growing number of engineering education academic programs and professional development opportunities for faculty, the engineering education faculty and administrators in developing countries have not fully recognized the changing landscape. The social and cultural characteristics of these developing countries also play an important role in the acceptance and implementation of modern pedagogical approaches in the classroom. In the industrialized countries, the engineering classroom is challenged by two factors: i.e. student preparation, and student engagement. Several dimensions of student engagement have been identified in research on student engagement and academic success [7, 8, and 9] . It has been reported [10] that institutional policies and practices influence student engagement. Flexibility in engineering curriculum, financial ability to move between majors, and social and cultural aspects of industrialized countries can impact student engagement. It is more probable that engineering students are a captive audience in the classrooms of developing countries resulting from economic and cultural constraints. This engagement however may be superficial and not cognitive. It may not necessarily result in more robust learning; and, it certainly does not provide a motivating reason to faculty for pedagogical innovations aimed at increasing student engagement that would address its multiple dimensions. The continued poor performance of US students in math and science as documented in the Program for International Students Page 26.337.4
Assessment (PISA) in comparison to other countries of Organization of Economic Cooperation and Development (OECD) has been recognized at the highest policy levels [11] and has resulted in several programs by the National Science Foundation to improve the math and science preparation of K-12 students in the US. Extensive research is therefore being undertaken to address the lack of math and science skills as they are affecting the performance of US students in the engineering fields [12, 13, and 14] . On the other hand, students admitted to the engineering programs in developing countries like Pakistan are considered very well prepared in math skills based on their scores in the 11th and 12th grade exams. While preparation of math skills (procedural knowledge) can be easily gleaned from the performance on these exams, the conceptual understanding and critical thinking associated with problem solving may not be readily determined from these exams. The fluency of students in procedural skills, though an important component, is therefore more often than not considered as 'well-preparedness' in math.
These various structural, social and cultural differences have resulted in an engineering education system that is rigid, lacks incentives for faculty, and does not challenge faculty to experiment with pedagogical innovations to enhance the learning outcomes of the students.
Challenges with Technology
There are challenges associated with implementing the changing trends and methodologies for Pakistani engineering student where learning is compounded with new developments in electronic media. This can lead to enormous challenges for educators in regards to the role digital devices can and should play in the learning process. Faculty members are embracing the use of technology to enhance their classroom teaching today more than ever before. However; in order to effectively use technology in their classroom, they must prepare themselves for some of the challenges they will face in accomplishing this goal. Winnett [6] identifies the following four major issues associated with technology in classroom. Although universal, these challenges are even more exacerbated in developing countries.
• Availability of technology hardware • Availability of technical assistance • Software applications • Time to integrate technology into teaching
The public and private universities in the developing countries are a mixed bag when it comes to the type of computers and other technology devices that are available in the classroom. Some institutions are at par with their western counterparts but more often than not, universities have to scramble to find the required computing resources. There is also the question of how many computers will be available for student and teacher needs. Some public and private institutions have high enrollments with class sizes reaching beyond 100 students. Faculty need to prepare themselves for the possibility that they will have to group students on computers or sequence their usage in multiple sessions and learn other strategies for making the most of the fewest available resources. Technical assistance is also rare in universities. There is a vast range of application software developed for use by engineers. When the computing resources are shared, and a large number of software packages are loaded, it can slow down the performance of the machines. These software also require some time to master. A possible solution to the problem is the use of multi-disciplinary software that could be used, with some limitations, in lieu of more advanced discipline specific software. When the institutions have the hardware, trouble shooting skills, and the knowledge of how to use the software, it still takes time and experience to effectively integrate the technology into teaching. While the faculty members are developing the skills associated with becoming good teachers, they need to bring their technology integration skills right along. Students learn better, and teaching becomes more effective when the technology is planned right into the lessons. To train engineers of the future, faculty members need to be technology advocates.
In the developing world, there are many reasons for the lack of deeper knowledge of technology integration by faculty members. These include but are not limited by teacher apathy, budget limitations, lack of leadership, and lack of availability of training. Teachers' knowledge of the engineering software application is limited, which consequently limits the meaningful learning experience in the classroom. This process needs direction and support and must be a collaborative effort using the combined knowledge base of the faculty, administrators and technology facilitators [8] . The evolving technology is also creating other challenges for the teachers as they struggle to keep up with the speed of technology change. Professors today need to separate themselves from the past and accept technology as an integral part of the education of students in the 21 st century -so these students are capable to compete on the global level. With the ubiquitous computing resources exploding and availability of ideas, faculty members must embrace the accessibility of information on the World Wide Web. Professors need to become more responsive to the resources available on the internet and its use in the classroom. They need to determine ways to connect the online and offline digital media to curriculum content and to the learning processes. These include ideas of using public shared videos, technical contents and student generated material that can be posted online. When these resources are integrated in classroom sessions, the sessions become interactive and hence enriching. Universities need faculty development model that assists professors in understanding technology as a tool for connecting curriculum content to the learning processes.
Educating Socially Competent and Responsible Engineers
Engineering is not only a craft of using logical models to solve technical problems but engineers also make use of their assumptions for what may or may not be of value within the social circles in relation to which they contrive their solutions and carry out their activities. These social circles can be cross-disciplinary teams within which engineers work or they can be the larger populace for which engineers produce a solution. The complex problems of today's world necessitate engineers to work in collaboration by communicating across the various social domains [17] . The technical solutions that they seek to achieve are often entwined with the Page 26.337.6 social and environmental context in which the solution is to be implemented thus engineers find themselves in cultural and ethical predicaments. There has been recognition that educating students for real life engineering practice requires as much focus on students to develop professional competencies such as communication and professional responsibility as the focus on students learning disciplinary technical knowledge [4, 18] . However efforts in the United States to develop education to bring enough emphasis on professional competencies in engineering programs have been successful to only a limited extent [19, 20] . There are some engineering programs which have attempted to integrate liberal education with engineering education [21, 22] by engaging students in solving sociotechnical problems. However such programs are mostly peripheral to the more mainstream engineering education [19] . Engineering faculty generally consider disciplinary knowledge as the core of engineering curriculum and are unable to see themselves as having a significant role in facilitating students to develop any competencies besides technical concepts and analytical skills.
The challenge becomes more pronounced in developing countries where engineering education institutions function in their localized contexts while preparing students for the globalized world [23] . Many educational institutions lack the infrastructure and the competent faculty who can effectively support student learning. Developing countries with their limited resources tend to focus more on primary education and health. The development of higher education is low on agenda with research on higher education almost nonexistent in most developing countries. Engineering education in many developing countries is based on a western model [24] [25] [26] . Universities in these countries generally engage in a transformational effort in response to changes in the western world. They are not able to develop an emphasis on professional competencies and thus reduce the likelihood of shifting the focus of education from technical knowledge to the development of an engineer for working in complex real life situations. On the other hand the internationalization [27, 28] and rapid expansion of higher education [29, 30] with liberalization of higher education in many countries has given rise to new opportunities for innovations in higher education. Universities of the developed world are opening branch campuses in the developing world which is changing the higher education scene in those countries. In addition factors that pose pressure against educational change in developed countries, such as established traditions of education and of faculty promotion and tenure processes, are much less of issues in developing countries. New institutions in the developing countries have the potential to attract faculty with an innovative outlook for education, organize education on innovative educational models and establish the institution on a culture of educational innovation.
Addressing developing world's growing population demand for energy, water, food and other such needs is among the engineering grand challenges [31] . Most of these are as much social challenges as they are technical challenges. However developing countries adopt curriculum and models of engineering education from developed world without much regards to the national and regional needs [23] which may require a significantly different worldview for engineering education. The planners of education, who may be interested in implementing an apparently working model of engineering education, neglect that an educational model developed elsewhere may not best serve the local needs. Engineers as solvers of societal problems working in the context of developing world do not just need to be working on solutions requiring high end technologies. Rather developing countries also need engineers who are entrepreneurs that could Page 26.337.7
develop and market simple economical solutions addressing basic needs on a large scale. Technology Incubation Center [32] of NUST in Pakistan is an example of university business incubators which can facilitate university graduates to develop their innovative business ideas and transition into forming enterprises. Engineers having a sense of social responsibility are needed -who are committed to work towards alleviating poverty and empowering the underprivileged. This requires a unique worldview for being an engineer that a student is unlikely to develop through the traditional engineering education. Alternate educational models such as service learning [33] has the potential to allow students to develop competencies such as communication, working in cross-disciplinary teams and ethics which are required to work on the engineering projects of solving sociotechnical problems. Engineering educators need a change of perspective for education if future engineers are to be educated who are prepared to work within the local and global social complexities with a sense of professional responsibility of addressing human needs while taking into account the broader sustainability [34, 35] .
Challenges with Quality Assurance of Education
The increasing importance of higher education, including engineering education, for the development of societies has led to the proliferation of higher education institutions in both developed and developing countries. Quality of education becomes a particular concern with the emergence of for-profit educational institutions many of which have an interest little more than credentialing their paying customers [26] . Governments in developing countries are establishing accreditation procedures to regulate the quality of education. Pakistan government in the last decade adopted several measures of educational reforms. Part of these reforms has been evaluating the quality of higher education in the country [36] . Higher Education Commission, as an organization of the federal government of Pakistan, engages with the higher education institutions of the country with the goal of facilitating them to develop capacity for quality assurance and enhancement. Besides a set of minimum requirements the general strategy is to promote self-assessment as a systematic and documented process in all the institutions of higher education in the country [37, 38] . Pakistan Engineering Council, mandated to regulate profession and education of engineering in the country, has adopted criteria for accrediting engineering programs that account for and relate with the accreditation procedures of HEC [39] .
Efforts like these of instituting assessment and accreditation procedures are a relatively new phenomenon in many developing countries [40] . The stakeholders including governmental organizations and higher education institutions are going through a learning process of how to make quality assurance a sustained, viable and integrated process of higher education that could lead to continuous improvement [36] . A tension exists between governments adopting standardized criteria and objective assessment to regulate ill-intentioned educational programs and institutions attempting to experiment with innovative directions of developing education with their own vision. Stakeholders are making a sense of working in collaboration in a new paradigm of ongoing program assessment and accreditation so as to make it meaningful and worthwhile for everyone [41] . By focusing on improving the quality of education the hope is to graduate engineers who are more competent intellectually and professionally and are more aware and responsible as citizens. Such a vision requires policymakers to adopt quality assessment as a strategy not just because 'everyone is doing it' [42] . Policymakers need to be conscious of their assessment approaches acting as catalyst rather than an impediment for the development of Page 26.337.8
education while having recognition of the complexity and diversity of higher education institutions.
Quality education is critical for the development of human capital having skills and moral values to make them a productive human resource for the economic growth of developing countries in today's globalized world. Educating competent and globally competitive engineering graduates has benefits not only if they work in the same country but those moving abroad for better opportunities develop a demand for higher education within the population of the country. Countries like Pakistan can best capitalize on such dynamics by ensuring quality of education for educating competent engineers. Being a globally competent engineer not only requires comprehensive technical knowledge in engineering but young graduates need to have strong communication skills and awareness of ethical responsibility which has become necessary in solving complex engineering problems in today's world. There is little attention in Pakistan for developing engineering education to incorporate communication and ethics in the education. Accreditation and quality assurance for engineering education lack criteria that require incorporating professional skills in education. This puts engineering graduates of the country at a significant disadvantage while competing with their global counterparts.
Suggestions to Meet the Challenges
One of the critical issues in the developing countries is the lack of student engagement in the learning process. Students are neither required to do independent learning through self-study nor are obliged to proactively work in groups to solve problems. This causes a number of issues including the lack of confidence in the students regarding the concepts learned, an inability to challenge ideas or think creatively, poor communication skills, lack of teamwork skills and inability to work in diverse environments. Part of the learning process is to question what one learns in terms of how it came about, how to implement it, how to improve it, etc. A student can be engaged in this process by integration of projects in the class or by having problem-based learning competitions. These competitions can be done in groups so students become keen for self-studying and for improving their designs and collaborating in their group. This at the same time will help develop teamwork skills. A number of books have been written on Project Based Learning (PBL) that can be used as tools to guide this activity -along with plethora of internet based resources.
With the rapid population increase in the developing countries, compared to developed countries, it can be expected that the majority of the engineering needs would have to be fulfilled by engineers educated in the developing countries. One of the ways to address challenges in graduating well-prepared engineers in the developing countries is by partnering with industries. A number of benefits can be achieved by this potential conglomeration. For instance, it would engage the students by helping them integrate knowledge and theory learned in class with practical applications and skills development in a professional setting. For this to be effective, students should be required to do internships/co-ops as part of their education as it provides an opportunity to acquire real world experience (hands-on education) on engineering problems and their solutions. It provides a quality exposure to the students in the field and provides insight into solving problems creatively and working in team environments. Students are better prepared for Page 26.337.9
the future when they work in multidisciplinary teams and have the opportunity to network with other engineers to learn the global engineering trends.
Another advantage of partnering with industry is that the universities would be able to incorporate the input from industry to help improve the curriculum. The practical knowledge will hence educate engineers to solve the current problems faced in the country. This would aid in restructuring the curriculum to incorporate practical and applied perspectives and would prepare the graduating engineers to be ready to solve current problems while learning the basic foundations of engineering. When the industry recognizes the impact of their contribution, they would also be willing to contribute towards improving the resources of the universities. The contributions could be in terms of financial, technical, or human resources. This academiaindustry collaboration will help improve the learning facilities and tools available to educate the future engineers.
Another challenge is to educate the engineering educators. There are several ways this could be achieved. One mode is to have workshops in different parts of the developing countries to share effective ways of teaching and engaging students. Furthermore, networking opportunities could be developed between engineering educators from developed and developing countries. This would further enhance engineering educator's ability to share the effective use of technology to aid in the learning process. These workshops could also be used to highlight the importance of having well-prepared engineering graduates who could compete in the global market, be leaders, and solve the problems of the current and next generations. Another way to improve teacher effectiveness is to partner with leading universities across the world to discuss strategies on becoming effective facilitators in the student-learning process.
In terms of the trends and methodologies a major challenge that the universities in the developing countries face is the lack of computing resources. This could be addressed by partnering with industry, making a case to the educational boards in the respective countries, and by partnering with developed countries to help build the computing infrastructure as part of collaboration on educating well-prepared engineers. For the technical assistance, undergraduate students could be trained on troubleshooting issues and compensated by reduction of tuition fees or by tuition waiver programs. With any technology improvement, an investment in time would be needed to integrate it into teaching. Faculty would need to be provided adequate training on how to do it effectively. They could be compensated with summer pay or reduced course loads every few semesters.
The importance of communication, ethics and accreditation would become visible in developing countries when the industry collaborates with the educational institutions. Students in cooperative and internship programs would engage on real world problems and get a chance to work in multidisciplinary groups. They would enhance their communication and ethical skills, initially learned in the classroom. With industry imparting a certain level of education to the graduating engineers, the accreditation of the programs will become easier.
Conclusions
In this paper, authors have discussed the various challenges in educating engineering students in developing countries and have identified potential areas of improvement. Challenges of effective teaching and learning and challenges with technology in developing countries are highlighted.
Given the exploding population of the developing world, it can be expected that the majority of the engineers will be trained there. It is of paramount importance that effective engineering education processes are developed and implemented. This will ensure a global supply of wellprepared engineering graduates that can enhance focus on innovation, entrepreneurship and job creation and fulfill the shortage of quality engineers. Currently the developing countries face several challenges including lack of student-teacher interactive activities, inflexible curriculum to accommodate social and leadership skills, limited resources, and shortage of trained teachers. The higher education is also lagging behind in capitalizing on the dynamic electronic and computer revolution. Enough emphasis is not placed in higher education on communication, ethical values, and accreditation; these are important for a program to compete in a global market. Several suggestions and recommendations are presented based on new trends and methodologies to meet the challenges in Pakistani engineering institutions. These include the use of Project Based Learning (PBL) techniques, incorporating hands-on education, promoting internships and cooperative opportunities, conducting workshops, seminars and short courses, establishing collaborations with leading educational institutions across the world, and the use of online educational resources, amongst several others. Their corresponding benefits in terms of solving the large scale real world problems are also highlighted.
